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Geomagnetic storms and substorms

Auroral substorms, electron fluxes in the magnetotall and equivalent currents associated with
morning sector geomagnetic Pc5 pulsations

M.V. Uspensky', K. Kauristie!, N. G. Kleimenova?, O.V. Kozyreva?, M. M. J. L. Van De Kamp', S.V. Dubyagin'

VFinnish Meteorological Institute, Helsinki, Finland
*Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia

We study four moderate substorm activations in the midnight and morning sectors together with Pc5 pulsations and
electron flux enhancements observed in the magnetotail by the Themis P2-P5 satellite constellation. These events
took place on Jan 18, 2008, at ~05:11 and 05:46 UT (a) and on Feb 19, 2008, at ~05.25 and 05:36 UT (b). Themis
ground-based magnetometers and all-sky imagers (SNKQ, GILL, RANK), Scandinavian IMAGE magnetometers
and Svalbard all-sky camera (NAL) data were used in substorm identifications. Inside ~1 min resolution the
nighttime substorm activations (events (a)) were reasonably seen at the morning poleward side of auroral oval by
NAL camera. Some three to five minutes after the substorm activations, the midnight magnetotail Themis P3-P5
satellites (with mutual separations in GSM X, Y, and Z directions ~ 1 Re) at the same time are dispersionless
energetic (up to ~0.4 MeV) electron fluxes. The Themis P2 satellite (located in both cases (a) in early morning
sector at a distance of ~6 Re from of the cluster of P3-P5 probes) registered energy-dependent delays (dispersion) of
the electron fluxes due to their eastward gradient drift motion. The potential impact of midnight activity on morning
sector Pc5 cannot be excluded in the two cases of event (a), because enhanced fluxes of electrons with high enough
energies (~400 keV), could reach the region of Pc5 within the observed delay. The electron flux bursts were
observed by Themis P2 at longitudes between the midnight and morning sector instrumentation.

Space and time variations of the ionospheric equivalent currents in the regions of morning sector Pc5 pulsations on
the two days are studied with the help of IMAGE magnetometer data (MLT sector 05-07). In these cases abrupt
changes in the Pc5 amplitudes, intensifications and/or weakenings, were recorded some minutes after auroral
activations in the midnight sector. We analyse three examples of PcS changes with the goal to resolve whether
substorm activity can have an effect on Pc5 amplitude or not. In two cases (event b) the most likely explanation for
Pc5 amplitude changes comes from the solar wind (changes in the sign of IMF Bz). In one case (event a) equivalent
current patterns in the morning sector show an antisunward propagating vortex which replaced the Pc5-related
smaller vortices and consequently the pulsations weakened. We associate the large vortex with a field aligned
current system due to a sudden, although small drop in solar wind pressure (from 1 to 0.2 nPa).

JdeMoHcTpanus oTpaKeHHs JHHAMHKH NIAPaMeTPOB COJIHEYHOTO BeTpa B npouecce GopMHPOBAHHS
cy00ypeBoii AKTHBHOCTH ¢ NOMOIIBIO HHTEIEKTYATbHOI0 HHCTPYMEHTA

H.A. bapxaros', B.I". BopoGses?, C.E. Pesysos!, O.1. Aroxkuna®, A.5. Bunorpazos'

' Husicezopodckuti 2ocydapcmeennlii nedazozuveckuii ynuaepcumem um. K. Mununa
*Honsprwi 2eogpusuveckusi uncmumym KHL PAH

Hauanom axtuBHOH (haszel cyO0ypu sABaAETCA B3PLIBHOM NEpexoj HAKOMIEHHOH MOTEHIHANIBLHOH JHEPTHH
UCKAXKEHHOr0 MAarHHUTHOrO 04 MONAPHOH MarHutochepbl B KWHETHYECKYH) SHEPTHIO 3aPLKEHHBIX YaCTHIL
3AMOTHAIONIIMX pajHALMOHHEIE TI0SCa U HOHM3YIOMAX HoHocdepy. [Ipoliecc HakomIeHHs TIOTEHLIHANLHOR SHEPTHH
BO3MOKEH TONBKO MPH YCIOBUH HEMNPEPLIBHOTO MOCTYINIEHHA KHHeTHUECKOM aHeprin dacTun (N*V2) conHeuHoro
BETpa HA HHTEpPBAJE MOATOTOBHTENbHON (azel cybOypH (mnoTHocTH N — KOHLEHTpalua 9YacTui, V - CKOpOCThb
MOTOKa CONMHEYHOro Berpa). KimoueBHIM COOBITHEM Hayama noaroToBuTensHoli (aszel cy00ypH, xak npasuIio,
asnsercs mosopor MMII k tory.

HakorieHie SHEprud B MarHurocdiepe B IepHOI MOArOTOBHTENBHOM (a3el cyG6ypH obecneunBaeTes YCUNTEHUEM
KPYIHOMACIITAGHOTO 3aMa{HOTO 3MeKTPHYECKOTO NN KOHBEKIIHH MOTepeK XBocTa MaruuTocdepsl. Ilocrenentoe
HAKOIJIEHHE 3HEPrHHM HeBO3MOXKHO YYecTh Ha OCHOBE MTHOBeHHBIX 3HaueHmit (Bz, N, V). Jlns omucanua aToro
npoliecca HeOOXOIMMO BBECTH WHTErPaNbHBIN NapaMeTp, Hampumep, B BHAC KyMYIATUBHOM cymmbl Y [N*V2].
HcrnionbioBaHne ero JWHAMHKWA HapaBHe ¢ JApYrUMH reo3(QexkTUBHEIMH [IapaMeTpamMH COMHEYHOro BeTpa
NpUMEHEeHO HAMH 1A oMHcaHKA npornecca dopMupoBanus cy66ypy ¢ NOMOUIBI) HHTEJUIEKTYAIBHOTO HHCTPYMEHTA
B BUJE McKyccTBeHHO HeftporHoit ceTn (MHC).

DbdekTUBHOCTE MPELTAraeMoro Moaxo/aa MpoAEMOHCTPHPOBAHA HA YHCIEHHBIX HEHPOCETEBbIX IKCIIEPUMEHTAX IO
BOCCTAHOBJIEHHIO AMHaMHKH AL-WHiekca 1Mo mapameTpam cogdeuHoro Betpa ¥ MMII B mepuombl pa3BUTHA
cy66ypb. APXUTEKTYpa IIPHMEHEMO# HEHpOCETH NOCTPOEHA IT0 MPHHIUIY DIIMAHa M COAEPHKHUT JNOTIOMHHUTE/IbHBIH
croil HelipoHOB, obecneuHBaIOIMI «BHYTPEHHIOIO [AMATEY O NPENBICTOPHH BOCCTAHABIHBAEMOr0 IHHAMHYECKOrO
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Geomagnetic storms and substorms

npouecca. Ha JaHHOM 3Tane HcClelOBaHWs B KaueCTBE BXOJHBIX IMOCIENOBATENbHOCTEH HeHpoceTeBol MOJETH,
HCI0/Tb30BaHbl 1Ba TMapameTpa — komnoHeHta MMIT Bz u uHTerpaneHeiii napamerp » [N*V2], yunThiBamwuii
MpeABICTOPHIO TPOLECCca HAKAaYKH KMHeTHueckoli 3Heprud B MarHutochepy B TeueHue 2-3 HacoB B pamkax 60
MHHYTHBIX OKOH. EJMHCTBEHHBIH BBIXOIHOM HeMpOH reHepHpoOBal [MOC/IECAOBATENBHOCTh 3HAUeHHH Al-WHiekca.
O6yuatouise Mocie10BaTENbHOCTH BKMIOYANH B ceba daHHple mo 70 mepuonam passutua cy66yps. C uensio
MHHHMM3aLMK  >hdekta  «3anoMuHaHuA nocieHero obydaromero ofpasua» 3T 10CIENOBATENBHOCTH
HOpMHpOBaIKCE MW Tonasamnck ®a Bxomst MHC B cmywaitmom nopsamke. HeifpoceTeBble 3KcIepHMEHTEHI
BBITIONHSANIMCE HA 1-MHHYTHBIX 1aHHBIX AL, Bz, N, V, nomyuenubix ¢ yana CDAWeb (http.//cdaweb.gsfc.nasa. gov/).
HccnenoBanus MPOBENCHBI HA BPEMEHHLIX HHTEpBanax MAAHHLIX, KAXKABIH TNPONOKHTETBHOCTEIO 8§ 4acos,
BKMOYAOMMX B cela mepuonel 70 H301MpOBAHHKIX MarHutocdepHsix cyGOyph pasmuuHON WHTEHCHBHOCTH,
3aperdCTPHPOBAHHEIX 10 MOKa3aHuAM AL-nHaekca.

BrIToNHEHHOE HCCIENOBaHHE MOKA3al0 BO3MOKHOCTh YCMEIIHOTO BOCCTAHOBNEHHS AMHAMHWKH AL-HHiekca WIH
€r0 KparkOCPOYHOTO MPOrHO3MPOBAHMA MPH MCMOJL30BAHMH OHIAMH JaHHBIX MATPYNLHOTO KOCMHYECKOTo
armapara. Co3laHHBIl HAMH HHCTPYMEHT MpH yvete (Gu3MHecKuX sABNeHHH, MpUBOAAMMX K cybOype, okazancsa
BIIONHE MHTENNEKTYalbHbIM H J€ECOCOOHEIM, Y 3TO MpoM30LII0 NOTOMY, YTO MbI IPHHAIA BO BHUMAaHKE MPOIIECC
MEUIEHHOM 3arpy3kKd aBpopanbHO MarduTocdepsl KUHETHYECKOH >Heprueil comHewHoro merpa. [JlanbHeiimnee
YAy4UICHHE PE3YNbTATOB BOCCTAHOBIEHHA BOIMOXKHO fIPH WUCTIONB30BAHMM NMpeabicTopuu AL, yBelTHYeHWH yucna
BXO/IHBIX NaHHLIX, MpeABapUTenbHOH 00paboTkH 1 ycoBepImeHCTBOBAaHHH apxuTekTypsl MHC,

T'eomarauTHAsi AKTHBHOCTDH CTPYKTYPbI MArHHTHBIX 06/1aK0B
H.A. Bapxaros', E.A. Pesynosa’, P.B. Pomanos', A.B. Bunorpanos'

'Huoicezopodckuii 2ocydapemeentolit nedazozuyeckuti yuusepcumem uM. K. Mununa
*Husicezopodckuil 20Cy0apPCMBEHHbIN apXUMeKmypHO-CIMpPOUMENbHbIIE YRUSEpCUmem

MarnuTtHble oOTaka COIMHEUHOTO BeTpa COMMACHO COBPEMEHHBIM [IPEe]CTABIEHHUSAM BBI3LIBAIOT Hauboee
HHTEHCHBHBIE I€OMarHuTHbIE OypH. B 3aBHCHMOCTH OT CKOpOCTH 005iaka OTHOCHTENBHO CONHEYHOTO BeTpa Ha
nepefiHeM (poHTe ero Tena mMoxer o6pa3oBLIBATECA YAapHAsA BOJHA, 3@ KOTOpoii criepyeT TypOyienTHas 061acTs,
9acTo HasblBaeMas obonoukoil ofnaka. MccneoBaHus NOKasbIBAIOT, YTO A48 GOJNBIIMHCTBA MACHUTHBIX OOMIAKOB
Hagal0 COOTBETCTBYIOIIMX UM FEOMAarHHTHBIX BO3MYLUCHHI NPUXOJIHTCA Ha YAapHYIO BOAHY H ofomouky [1]. B
CBA3H C 3TUM IPH H3YUEHHU reo3(heKTUBHOCTH MarHHTHBIX 00IaKOB HEOOXOAUMO YYHTBIBATh M MOTEHIHAILHYIO
reOMarHuTHYIo 3 QeKTHBHOCTE QH3NUECKHX IIPOLecCcoB Ha NepelHeM ¢ponTe 001aKoB.

B npennaraeMoii pabote MeTonamu ananuza @ypre-criektpos (uuykryanuit moxyns MMIT sapeructpupoBanHsie Ha
maTpynbHBIX KocMuueckux annaparax ([1KA) B mwamazome wactor (0,001-0,1 T'm) B ofnactax cOCTaB/IAIOLIMX
MarHHTHBIe 00J1aKa COTHEYHOTO BETpa yAANIeTcsd HH3KOMACTOTHAS MW BBICOKOUYACTOTHAS 9aCTH CHEKTPa M Ha 3TOH
OCHOBE YTOUHSIOTCA MPaHALL 000M0YKM K Tena ofnaka, COOTBETCTBEHHO. YCTaHORIEHO TAKKE, UTO MPH Mepexoie
#3 COJIHEYHOT0 BeTpa B TypOYNEHTHYIO 000104KY MOLIHOCTE CIIEKTPa YBEIHIHBAETCS B CPERHEM Ha 2 Mopsjxa, nmpu
nepexoje W3 06OMOUKH B TENC MArHUTHOTO 00NaKa MOLIHOCTE CMEKTPa HAMPOTHB YMEHBIIAETCA Ha 2-4 mopaika.
370 cornacyeres ¢ [2], rae Ang paccMaTpHBaeMEIX 00:;1akoB GRIIH ONpefene sl rpaHiuisl Tel 061aKoB.

H3BecTHO, 4TO reoMarHATHaA 3G QeKTHBHOCTL 06naka NMpAMO 3aBUCHT OT OpPHEHTA[HH MEKILTAHETHOTO MarHUTHOTO
nons (MMII) B ofnake mojomexmero K rpaHunie MarHutocdepnl. bomee Toro, CymecTBYeT BO3IMOXKHOCTE
BO3HHKHOBeHHS Teodddextuproit (Bz<(0) BenWuWHBLI MarHMTHOTO MonA B 00ONOYKE MarHMTHOTo oOnaxa
scnencTre 3Bomornt MMIT cpeskl conHewHOro BeTpa HA yAapHOM pa3pkiBe, onepexatoieM obrako. Yder 3Toro
00CTOATENLCTBA BaXKEH [PH CO3/IAHUM MOJEIM METONA NMPOCHO3a reoMarHUTHLIX Oypb. B ¢BA3M ¢ 3TUM cormacHo
meTozuKe [3] NpoBOMKIOCEH ONpe/ieieHUE JIOKANLHOM OpHeHTAlIMH TUIOCKOCTH YAapHO# BOMHb! 11d 10 obnaxos mo 5
MHUHYTHBIM JaHHBIM 0 koMnoHeHtax MMII no u mocne ynaphoii BonHsl. [Tomydennsie cBefleHns 06 opueHTaLMK
yaapHoro GpoHTa NO3BOIMIN HAHTH 3HAYEHHA HOPMAILHBIX H TAHIEHUMANEHBIX KoMIoHeHT MMIT, no oTHOWeHKIO
K yIapHOW BONHE M MONYYMTh BhIpaKEHHE [UIA BBIYHCICHMA 3Ha4YeHUHt reodpdexTusHoW Bz KOMMOHEHTHL B
obonouke obnaka B coNMHeuHO-MarHUTOC(EPHON CHCTEME KOOPIMHAT. YUMTHIBaA 3aperucTpHpoBanubie Ha [TKA
mapaMeTphl 3aMarHWYEHHOTO COMHEYHOTO BETpa, MNpelIlecTBYIOMHE NpHXOAY YAapHoii BomHel oOnaka,
BRITIONHACTCA pacyeT Beell oXkuaaeMoit nocneoBaTeNnsHOCTH 3HaueHuit Bz xommonentsl MMIT Ha Tpacce nepedoca
ConMHedHOro BeTpa K Maruutocdepe. ConocTaBieHue 0XKHAAEMOl MOCENOBATENLHOCTH BhIYUCIEHHBIX 3HAYEHHH
Bz ¢ gunamukoii mupexcor SYM/H u AL, cooTBeTcTBeHHO, XapakTepusywoiux riaobansHyro u cy66ypesyto
FEOMArHMTHYI0 AaKTHBHOCTB, CBHIETENLCTBYET OO0 OTpaXEHWH 3BOMIOLMH TAPAMETPOB HATEKAIOWIEro Ha
marHuTocdepy CONMHEYHOro BETpa B MEOMATHMTHON BO3MYIIEHHOCTH. DTO MOXKET OBbITh MONOKEHO B OCHOBY
CO3/1aHKA METOa KPATKOCPOYHOTO MPOTHO3UPOBAHUA MeOMArHUTHOH BOIMYILEHHOCTH.
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